Objective: Few investigators have evaluated whether ultrasonography operated by a surgeon during a patient's clinic visit is capable of obtaining a similar degree of accuracy as magnetic resonance imaging in regard to the diagnosis of rotator cuff tears and lesions of the biceps tendon. The purpose of this study was to clarify the accuracy of in-office ultrasonography for the diagnosis of rotator cuff tears in comparison to magnetic resonance imaging. Methods: One hundred and three patients (105 shoulders) with a clinical diagnosis of impingement and suspected rotator cuff tear, who subsequently underwent arthroscopic surgery were retrospectively enrolled in this study, including 7 males with 89 shoulders, and 33 females with 33 shoulders, and their mean age was 60.9 years (range, 30 to 83 years). The subjects were examined using ultrasonography and magnetic resonance imaging within three months pre-operatively per normal practice of the outpatient clinic. The two modalities were then compared to the reference standard, arthroscopic findings. Results: Intra-operatively, 79 full-thickness and 15 partial-thickness rotator cuff tears were found. The agreement between ultrasonography and magnetic resonance imaging for diagnosis of rotator cuff tears was statistically good; observed degree of agreement was 87% with Kappa coefficient of 0.73. Ultrasonography showed a sensitivity of 94% and a specificity of 100% for full-thickness tears, and a sensitivity of 80% and a specificity of 91% for partial-thickness tears. The agreement of the two modalities for diagnosis of lesions of the biceps tendon was also good; observed degree of agreement was 93% with Kappa coefficient of 0.76. In addition, ultrasonography showed comparable accuracy for classifying the size of rotator cuff tears to that of magnetic resonance imaging. Conclusion: Surgeon-operated in-office ultrasonography is an appropriate technique for the assessment of rotator cuff tears with a comparable sensitivity and specificity to that of magnetic resonance imaging.
Introduction
A rotator cuff tear is one of the most common disorders affecting the shoulder and a recent population-based study showed that approximately one-fourth of residents of a rural area over 50 years of age had full-thickness rotator cuff tears [1] . A proper diagnosis based on accurate imaging is indispensable for deciding on the appropriate management.
The first study using ultrasonography to detect rotator cuff tears was reported in 1979 by Seltzer et al. [2] . Although several studies tried to develop accurate diagnostic methods, the early reports of ultrasonography for rotator cuff tears were not able to show favorable results, probably due to the immaturity of the technique related to the procedure and the instrument itself [3, 4] . Thus, magnetic resonance imaging had been considered the first-choice imaging modality for the detection of rotator cuff tears because of its high accuracy, despite its relatively high cost and occasional limited availability [5, 6] . However, following the development of new devices, such as high-frequency transducers and improvements in real-time imaging, a number of studies have reported the high accuracy of ultrasonography for detecting rotator cuff tears [7] [8] [9] . Ultrasonography of the shoulder has become an accepted method for evaluating rotator cuff tears.
Although both ultrasonography and magnetic resonance imaging are highly accurate, widely-used and noninvasive imaging modalities for the diagnosis of rotator cuff tears [10] ultrasonography is relatively less expensive, less time-consuming, and permits a dynamic evaluation of the shoulder. Furthermore, the portability of ultrasonography means that the integrity of the rotator cuff can be assessed in geographically isolated locations or by a surgeon during a clinic session to allow more efficient planning of treatment [8] . There have been several studies that compared the accuracy of ultrasonography and magnetic resonance imaging [9, 11, 12] , however, few investigators have evaluated whether ultrasonography performed by a surgeon during the patient's clinic visit is capable of obtaining a similar degree of accuracy as magnetic resonance imaging with regard to the diagnosis of rotator cuff tears and lesions of the biceps tendon. The purpose of this study was to compare the accuracy of surgeon-operated in-office ultrasonography and magnetic resonance imaging for the detection and measurement of the size of rotator cuff tears, with the results of arthroscopic surgery as the reference standard.
Materials and Methods

Subjects
After institutional review board approval was obtained, 122 patients (122 shoulders) with a clinical diagnosis of impingement and a suspected rotator cuff tear, experiencing pain, decreased function, and/or weakness, who subsequently underwent arthroscopic surgery in our institute from January 2010 to August 2012, were retrospectively enrolled in this study.
All patients gave informed consent to participate in the study. The patients were allocated to one of three orthopaedic surgeons, with a specialist interest in the shoulder for more than 7 years. And these surgeons have more than 5-years experiences of orthopaedic ultrasonography. Each of these surgeons performed a preoperative evaluation including ultrasonography and magnetic resonance imaging, and subsequently performed arthroscopic surgery, independently. This process occurred as part of the standard outpatient allocation, but did not involve patient pre-selection by the clinicians. Of these patients, the subjects who were involved in the study included patients who 1) had undergone a preoperative examination by both ultrasonography and magnetic resonance imaging within three months before surgery, 2) had complete data of all target evaluation items.
The exclusion criteria were patients 1) with claustrophobia, 2) who had metal devices in the field of view, 3) has undergone a previous surgery, 4) had a previous fracture, or 5) had a known inflammatory arthropathy. Based on these criteria, one patient was excluded because of claustrophobia and 16 patients were excluded because they had incomplete data.
Thus, this study comprised 103 patients (105 shoulders); there were 87 males with 89 shoulders, and 33 females with 33 shoulders, and their mean age was 60.9 years (range, 30 to 83 years).
Ultrasonography
All ultrasonographic examinations were performed before MRI within the normal flow of the outpatient clinic by one of the three aforementioned orthopaedic surgeons, using a LOGIQ e instrument (GE Healthcare, Buckinghamshire, England) with linear-array probes at 12 MHz.
The standard technique was a modification of the technique described by Middleton et al. [13] and Teefey et al. [14] . Parameters such as the scanning frequency, focal zone number and placement, field of view, and gain were not standardized, but left to the discretion of the observer.
Both the patient and the observer were seated on backless stools facing each other. First, the biceps tendon was examined in front of the shoulder by transverse and longitudinal scans. Then the patient was asked to hold the arm in external rotation, and the longitudinal scans of the subscapularis tendon were examined. Next, the longitudinal scans of the supraspinatus tendon was examined with the shoulder extended, the elbow flexed, and the hand placed on the iliac wing to expose as much of the supraspinatus tendon as possible from under the acromion. The transducer was moved anteriorly to posteriorly in order to provide the best longitudinal scans of the infraspinatus tendon. The transducer was then rotated 90 degrees in order to examine the transverse areas of the supraspinatus and infrasupinatus tendons.
A full-thickness rotator cuff tear was diagnosed when there was a focal discontinuity or thinning of the rotator cuff or when the cuff could not be visualized because of complete avulsion and retraction under the acromion [14, 15] . A partial-thickness tear was diagnosed when there was minimal flattening of the bursal side of the rotator cuff or a distinct hypoechoic or mixed hyperechoic and hypoechoic defect was visualized in both the longitudinal and the transverse planes at the deep articular side of the rotator cuff [14] .
The size of the tear in centimeters was also measured directly on freeze-frame images with use of the cursor software function. When the torn cuff was retracted under the acromion, the size was recorded as a "not lower than" measured length. Additionally, a finding of a rup-ture of the biceps tendon was recorded when the tendon was not identified within or medial to the intertubercular sulcus. Dislocation of the biceps tendon was recorded when the tendon was anterior or medial to the lesser tuberosity [14] .
Magnetic Resonance Imaging
After examining clinical findings and ultrasonography, magnetic resonance imaging was performed with the same equipment at various facilities, but all examinations were performed under the same standardized conditions. Patients were positioned in the supine position with their arms in a neutral position. A 1.5-T system with standard coil was used. The slice thickness was 3 -4 mm, the field of view was small (12 -16 cm) and the imaging matrix was 256 mm × 192 mm or higher. The sequences performed in all patients were T1-and T2-weighted images in the oblique coronal, oblique sagittal and axial planes. All magnetic resonance imaging was also referred blindly within the normal flow of the outpatient clinic by another orthopaedic surgeon who ultrasonographically examined the patient.
A full-thickness rotator cuff tear was diagnosed if there was a fluid-filled gap on the T2-weighted oblique coronal or oblique sagittal plane that extended through the entire thickness of the tendon, or a complete disrupttion of all tendon fibers with retraction. A partial-thickness tear was defined as an increase in the signal noted on the T1-weighted images with a brighter signal on the T2-weighted images, as well as an identification of a focal defect on either the bursal or the articular surface of the involved tendon [16] . The size of the tear was measured in centimeters with use of the magnetic resonance imaging scale noted on the images. Additionally, a finding of a rupture and dislocation of the biceps tendon was recorded.
Arthroscopic Surgery
One of the three aforementioned orthopaedic surgeons who examined the ultrasonography scans and magnetic resonance images of the patient performed the same patient's surgery independently. There were 92 cases of arthroscopic rotator cuff repair and 13 cases of arthroscopic subacromial decompression. A capsular release was added in five cases, biceps tenotomy was added in three cases and resection of the distal clavicle was added in one case.
All surgeries were performed with completely arthroscopic techniques, placing the patient in the beach-chair position under general anesthesia. Intraoperatively, the following findings were recorded: the presence or absence of a rotator cuff tear, the type (full-or partialthickness) of the tear and the size of the tear in centimeters. A calibrated arthroscopic probe was used to define both the anteroposterior and the medilolateral size of the tear. In addition, the presence or absence of a complete rupture and complete dislocation of the biceps tendon were recorded. Any suspected cases of partial-thickness tears and subluxation of the biceps tendon were considered to be negative findings in this study.
Data Analysis
First, the accuracy of ultrasonography and magnetic resonance imaging for the diagnosis of rotator cuff tears was calculated with 95% confidence intervals (95% CI) using the arthroscopic diagnosis as the reference standard. The two modalities were then compared with regard to the observed degree of agreement, with Cohen's Kappa coefficient and McNemar's test for paired proportions. Subsequently, the diagnostic parameters for a diagnosis of full-and partial-thickness rotator cuff tears, such as the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy, were calculated with the 95% CI. When counting the full-thickness rotator cuff tears, partial-thickness tears were considered to be no tear, and when counting for partial-thickness tears, full-thickness tears were considered to be partial-thickness tears, because a tear was identified [14] .
Second, the accuracy of ultrasonography and magnetic resonance imaging for the diagnosis of the lesions of the biceps tendon was calculated and data were compared in the same way. When counting for the rupture of the biceps tendon, the dislocation of the biceps tendon was considered to be a negative finding, because the tendon was assumed to be visualized, and when counting for the dislocation of the biceps tendon, a rupture of the biceps tendon was considered to be a positive finding, because the tendon was assumed to have not been visualized.
Finally, the size of the tear was examined. According to the classification of DeOrio and Cofield [17] , the length of the greatest diameter was used to divide the tear into one of four categories: small (one centimeter or less), medium (one to three centimeters), large (three to five centimeters), massive (greater than five centimeters). Because ultrasonography could not measure the exact diameter of a huge tear due to the interference of the acromion, the categories of large and massive were counted together.
Thus, each case was classified as following four categories in this study; no tear, small (one centimeter or less), medium (one to three centimeters), large/massive (greater than three centimeters). The accuracy of ultrasonography and magnetic resonance imaging for the classification of the tear size was calculated with the 95% CI. In addition, the agreement of the two modalities was examined with the observed degree of agreement, and Cohen's Kappa coefficient and McNemer's test were used for paired proportions.
All statistical analyses were performed by using the R software program, version 2.15.0 (http://www.R-project.org) [18] , and the critical value for significance was set at P < 0.05. The Kappa coefficient was interpreted as follows: 0.00 -0.20, poor agreement; 0.21 -0.40, fair agreement; 0.41 -0.60, moderate agreement; 0.61 -0.80, good agreement; and 0.81 -1.00, excellent agreement.
Results
Diagnosis of Rotator Cuff Tears
At arthroscopic surgery, 79 full-thickness and 15 partial-thickness rotator cuff tears were found. The overall accuracy of ultrasonography and magnetic resonance imaging for the diagnosis of rotator cuff tears was 93% and 84%, respectively ( Table 1) . The agreement between the ultrasonography and magnetic resonance imaging findings was good: the observed degree of agreement was 87% and the weighted Cohen's Kappa coefficient was 0.73. The McNemar test showed that the differences between the two modalities were not statistically significant ( Table 2 ). The diagnostic parameters of ultrasonography and magnetic resonance imaging for the diagnosis of rotator cuff tears are shown in Table 3 .
Diagnosis of Lesions of the Biceps Tendon
At arthroscopic surgery, 11 ruptures and nine dislocations of the biceps tendon were found. The overall accuracy of ultrasonography and magnetic resonance imaging for the diagnosis of lesions of the biceps tendon was 93% and 92%, respectively ( Table 4) . The agreement between the ultrasonography and magnetic resonance imaging findings was good: the observed degree of agreement was 93% and Cohen's Kappa coefficient was 0.76. The McNemar test showed that the differences between the two modalities were not statistically significant ( Table 5) . The diagnostic parameters of ultrasonography and magnetic resonance imaging for the diagnosis of lesions of the biceps tendon are shown in Table 6 . Table 7 shows the comparison between the arthroscopic classification of the size of the rotator cuff tears and the classification made with ultrasonography and magnetic resonance imaging. The overall accuracy of ultrasonography and magnetic resonance imaging for the classification of the size of rotator cuff tears was 74% and 75%, respectively. The agreement between the ultrasonography and magnetic resonance imaging findings was good: the observed degree of agreement was 79%, and the weighted Cohen's Kappa coefficient was 0.77. The McNemar test showed that the differences between the two modalities were not statistically significant ( Table 8 ).
Accuracy for the Classification of the Tear Size
Discussion
There have been a number of studies presenting the acsess its diagnostic ability, and showed a sensitivity of 92% -96% and a specificity of 93% -96% for fullthickness tears, and a sensitivity of 67% -84% and a specificity of 89% -94% for partial-thickness tears [7, 8, 10] . They all agreed that ultrasonography is an appropriate technique for assessing rotator cuff tears with an acceptable sensitivity and specificity, despite the fact that the diagnostic accuracy for partial-thickness tears is somewhat inferior to that for full-thickness tears. The current study showed almost the same results as these meta-analyses, with a sensitivity of 94% and a specificity of 100% for full-thickness rotator cuff tears, and a sensitivity of 80% and a specificity of 91% for partial-thickness rotator cuff tears. Regarding the comparison between ultrasonography and magnetic resonance imaging for the diagnosis of rotator cuff tears, only two studies have directly compared the two modalities with the use of surgery as the reference standard. Martín-Hervás et al. [11] prospectively assessed 61 painful shoulders and found that the diagnosis of full-thickness tears was highly specific by both imaging techniques (100% for ultrasonography and 97% for magnetic resonance imaging) but was not as sensitive, (58% for ultrasonography and 81% for magnetic The 95% confidence interval is given in brackets. PPV: positive predictive value, NPV: negative predictive value, FTT: full-thickness rotator cuff tears, PTT: partial-thickness rotator cuff tears. resonance imaging). This low specificity of ultrasonography may be due to the use of older equipment with a lower-frequency transducer. Teefey et al. [9] prospectively studied 71 patients with shoulder pain by ultrasonography using a high-frequency transducer, and showed that ultrasonography and magnetic resonance imaging have comparable degrees of accuracy for diagnosing rotator cuff tears; a sensitivity of 98% for ultrasonography and 100% for magnetic resonance imaging, and a specificity of 80% for ultrasonography and 68% for magnetic resonance imaging. The current study showed that there was a good agreement between the ultrasonography and magnetic resonance imaging findings for detecting both full-thickness and partial-thickness rotator cuff tears, and the differences between the two modalities were not statistically significant. Ultrasonography of the shoulder is considered to be operator-dependent, with its accuracy being related to the operator's level of experience. In their systemic review, Smith et al. described that the diagnostic test accuracy was greatest under the direction of a musculoskeletal radiologist, followed by orthopaedic surgeons.
There were lower levels of diagnostic test accuracy for ultrasonographers and general radiologists who did not express a particular specialist interest in musculoskeletal radiology [8] . There have been two studies regarding the accuracy of surgeon-operated in-office shoulder ultrasonography. Al-Shawi et al. [19] examined 143 consecutive ultrasonographic scans of patients who subsequently underwent shoulder arthroscopy. All the scans were performed by an orthopaedic surgeon using portable ultrasonography in a one-stop clinic, and showed a sensitivity of 96%, a specificity of 95%, a positive predictive value of 96% and a negative predictive value of 95% for the diagnosis of full-thickness rotator cuff tears. Ziegler et al. [20] examined 282 in-office ultrasonographic scans performed by an attending orthopaedic surgeon.
Using the findings at surgery as the standard reference, the sensitivity, specificity, positive predictive value and negative predictive value were 96%, 94%, 93% and 97%, respectively, for full-thickness tears; and were 94%, 96%, 97% and 93%, respectively, for partial-thickness tears. In addition, Iannotti et al. [21] assessed the accuracy of a surgeon interpreting office-based ultrasonography scans for the diagnosis of rotator cuff tears. Although the scans were performed not by a surgeon, but by a physicianassistant or nurse clinician who had undergone six hours of formal training and 30 supervised scans, the sensitivity was 88% for full-thickness tears and 70% for partialthickness tears in 98 patients who subsequently underwent rotator cuff surgery. The current study showed that the sensitivity and the specificity were as high as these results for both full-thickness and partial-thickness rotator cuff tears.
There have been several studies regarding the diagnostic accuracy of ultrasonography for lesions of the biceps tendon [14, [22] [23] [24] . According to these studies, ultrasonography showed a sensitivity of 64% -100% and a specificity of 98% -100% for ruptures, and a sensitivity of 83% -100% and a specificity of 100% for dislocations. However, few studies have directly compared ultrasonography and magnetic resonance imaging. The current study showed that ultrasonography and magnetic resonance imaging have comparable degrees of accuracy for diagnosing ruptures and dislocations of the biceps tendon. The diagnostic accuracy was characterized by a sensitivity of 91% and a specificity of 100% for ruptures, and a sensitivity of 67% and a specificity of 99% for dislocations. The sensitivity for dislocation in the current study was inferior to the previously reported accuracy. This may have been due to the differences in the diagnostic criteria used for the dislocation of the biceps tendon. We performed ultrasonography only in the static position. At surgery, any suspected cases of subluxation of the biceps tendon, which were found during the dynamic evaluation with an arthroscopic probe, were counted as negative findings in this study.
The size of rotator cuff tears is essential for planning proper treatment and advising patients regarding their prognosis and outcome. Moosmayer et al. [25] ultrasonographically assessed 58 shoulders to quantify the tears. Using the surgical findings as the standard reference, they achieved a 95% range of agreement for tear size measurement, with less than ±1 cm. Teefey et al. [9] prospectively examined 71 patients by ultrasonography and magnetic resonance imaging and compared the accuracy of the two tests for measuring the size of tears. They found that ultrasonography correctly predicted the degree of retraction in 73% of the full-thickness tears and the length of 85% of the partial-thickness tears, and the width of 87% of the full-thickness tears and 54% of the partial-thickness tears. They concluded that these results were not significantly different in comparison with magnetic resonance imaging. In the current study, we assessed the size of tears using four categories, because ultrasonography could not measure the exact diameter of huge tears due to the interference of the acromion. The overall accuracy of ultrasonography and magnetic resonance imaging for the classification of tears was 74% and 75%, respectively. Although a simple comparison is not accurate, this result seems to be comparable to the previous studies.
The current study showed that ultrasonography performed by a surgeon during the patient's clinic visit had comparable accuracy to magnetic resonance imaging for identifying rotator cuff tears and lesions of the biceps tendon, and for classifying the size of rotator cuff tears. Seagger et al. [26] showed that the use of a portable ultrasonography machine by an orthopaedic surgeon in a shoulder clinic can significantly reduce the time to treatment and the financial cost for patients with rotator cuff tears. Moreover, Middleton et al. [27] showed that most patients with shoulder pain prefer ultrasonography to magnetic resonance imaging. As Teefey et al. [9] described, when an investigator has comparable experience with both imaging tests, the decision regarding which test to perform for rotator cuff assessment does not need to be based on accuracy concerns. The choice can be based on other factors, such as the importance of ancillary clinical information, the presence of an implanted device, patient tolerance and cost.
Our study has a limitation that should be kept in mind when interpreting the results. The intra-rater and inter-rater reliability were not assessed. This was due to the limitation of the study design, and a prospective study would be necessary to address such a limitation.
Conclusion
In conclusion, the accuracy of surgeon-operated in-office shoulder ultrasonography was investigated. In-office shoul-der ultrasonography had comparable accuracy to magnetic resonance imaging for detecting rotator cuff tears and lesions of the biceps tendon, as well as for classifying the size of rotator cuff tears.
